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Abstract: Soil inorganic N is one of the most important soil quality 
indexes, which may be influenced by land-use change. The historical 
conversion of land-use from native vegetation to agriculture resulted in 
sharp declines in soil N dynamics. This study was conducted to deter¬ 
mine the soil inorganic N concentrations and net N mineralization rate in 
four common types of land-uses in the mountain forest area in the north 
of Iran, namely arable land, pine plantation, ash plantation, and beech 
stand. The soil samples were taken from top mineral soil layer (5 cm) in 
each site randomly (n=6) during August- September 2010. Beech stand 
and ash plantation showed significantly higher total nitrogen compared 
with arable land and pine plantation, while extractable NH/-N concen¬ 
tration was significantly greater in Beech stand compare to arable soils 
(p<0.05). No significantly difference was found in Net N mineralization, 
net nitrification and net ammonification rates among different land-uses. 
Results showed that net N mineralization and ammonification were oc¬ 
curred just in the soil of Ash plantation during the incubation time. Our 
findings suggested that conversion of Hyrcanian forests areas to pine 
plantation and agricultural land can disrupt soil natural activities and 
affect extremely soil quality. 

Keywords: soil quality; net N mineralization; nitrogen dynamic; land 
use; Hyrcanian forest; Alandan. 

Introduction 

The destruction of environment can influence extremely sustain¬ 
able development in a region by unsuitable actions and decisions 
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in use of land. The term, land degradation is generally used to 
state a loss or reduction of land productivity as a result of human 
activity (Sing et al. 2007; Marzaioli et al. 2010). Deforestation, 
overgrazing, unsuitable agricultural practices and industrial ac¬ 
tivities are known as the main causes of vegetation and conse¬ 
quently soil destruction (UNEP 1993-94). In many of countries, 
forest conversion to agricultural land may result in ecological 
stress (Sharma 2000). Soil quality as the combination of soil 
physical, chemical and biological properties may be altered by 
changing in soil conditions affected by land use type (Brejda et 
al. 2000; Islam and Weil 2000; Caravaca et al. 2002; Sanchez- 
Maranon et al. 2002). 

It has been stated that land use (arable vs. pasture) influenced 
biological soil quality more than soil type (Fromm et al. 1993). 
The biological properties of soil are very sensitive to small- 
changes in soil condition. Nitrogen availability and Net N miner¬ 
alization rates have been used to assess soil quality as the most 
appropriate soil biological indices (Andrews et al. 2002; Mar¬ 
zaioli et al. 2010). Although, inorganic nitrogen is the basic ele¬ 
ment of land productivity in terrestrial ecosystem, the imbalance 
in N mineralization/ immobilization rate and subsequently nitrate 
(NO3") leaching accompanied with base cations can lead to re¬ 
duction of soil quality (knoepp et al. 2000; Dannenmann et al. 
2007). 

The forest destruction and its conversion to agriculture lands 
and reforestation by broad-leaved and coniferous species are the 
common forms of forest land-use in the mountain Hyrcanian 
forest in north of Iran. The present study aimed to investigate the 
effect of land use change on the concentration of inorganic N and 
net N mineralization rates in different land uses. 

Materials and methods 

Site description 

Our study was conducted in Alandan forest, a part of Hyrcanian 
region in the north of Iran (latitude, 36°13' N; longitude, 36°10' 
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E). The experimental area was situated in 1,000 m above sea 
level and average annual rainfall and temperature were 858 mm 
and 11.9°C, respectively. Soil type is Brown forest soil. Four 
study sites were selected based on major land-use types included 
managed Beech stand. Pine plantation, Ash plantation, and agri¬ 
culture land. The dominated tree species was Fagus orientalis 
Lipsky., Pinuse nigra Arnold, and Fraxinus excelsior L. in beech 
stand, pine plantation and ash plantation, respectively. Wheat 
and barley are planted as rainfed farming in arable land (AL).The 
natural background of whole area was pure Oriental beech forest 
which has been converted since 30 years ago. The investigated 
sites located close to each other in nearly the same topographic 
situation (Fig. 1). 



Figl. Map showing the location of study different land use types 

Soil sampling 

The buried-bag technique (Eno 1960; Binkley and Hart 1989) 
was used to estimate net N mineralization, nitrification and am- 
monification rate. We perfonned tow sampling, first in 15 Au¬ 
gust, and a second in 15 September 2011. Six pair random soil 
samples were taken from the top soil layer (0-5 cm) at each 
land-use with an 8 -cm metallic core. The litter layer was re¬ 
moved from the soil surface before samplings. One sample of 
each pair soil sample was used to determine initial concentra¬ 
tions of extractable NH 4 + and N0 3 ‘ and the other was placed in a 
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polyethylene bag and buried in situ. The incubation period was 
35 days. Samples were chilled during transport back to the labo¬ 
ratory and refrigerated (4°C) until processed in the laboratory. 

Soil extraction and chemical analysis 

In the laboratory (2 mm mesh) and a subsample was used to 
detennine moisture content (105°C, 24 h). Fresh soil samples (10 
g) were extracted with 100 ml of 2 M KCL for 60 min. Soil ex¬ 
tracts were filtered with Whatman no.l filter paper and filter 
blank correction were applied. NH 4 + concentration was measured 
using a manual indophenols colorimetric method (Dorich and 
Nelson 1983). NO 3 ' concentration was measured using the man¬ 
ual Cd reduction method (APHA 1998). Soil Organic carbon was 
detennined by Walkley and Black procedure and total N by 
modified Kjeldhal digestion. Soil pH (1: 2.5 soikwater) was 
measured by using glass electrode (Singh et al. 2007). 

Data calculation 

Net N mineralization was calculated as the difference between 
NH 4 and NO 3 ’ concentrations in the incubated sample and the 
NH 4 and NO 3 " concentration in the initial samples. The net in¬ 
crease in NO 3 " and NH 4 + was used to indicate net nitrification 
and ammonification rates, respectively (Duran et al 2009). 

Statistical analysis 

The data were analyzed using one-way analysis of variance 
(ANOVA) after checking the assumption for parametric test. The 
Duncan test was used to detennine significant differences at the 
level of (p<0.05). SPSS v.16 software was applied for all statis¬ 
tical analyses. 

Results and discussion 

Soil properties 

Table 1 shows the soil variables in first (15 August) and second 
(15 September) sampling date in different land uses. The organic 
carbon (%) was significantly (p<0.05) higher in ash plantation 
(6.79%, 6.14%) compared with pine plantation (2.89%, 3.01%) 
and arable land (3.14%, 2.92%) in both sampling date. 

The ash plantation showed significantly (p <0.05) higher total 
nitrogen (0.69%, 0.85%) compare to pine plantation (0.27%, 
0.39%) and arable land (0.28%, 0.3%) in first and second sam¬ 
pling date, respectively. 

The easily decomposable and nutrient-rich litter of ash may 
support large population of micro-organisms, which could con¬ 
tribute to an increase in soil N (Fried et al. 1989; Norden 1994a; 
Hagen-Thom et al. 2004). The low amounts of organic carbon 
and total nitrogen in pine plantation may be related to slow litter 
decomposition in pine species. In agreement with the result of 
the present study, Chen and Li (2003) claimed that changes from 
native forests to larch plantations resulted in significant decline 
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in soil C and N. 

It is commonly known that agricultural practices and cultiva¬ 
tion may cause an immediate and rapid loss of soil organic car¬ 
bon (Davidson and Ackerman 1993). There are variety of 
mechanisms which involve in reduction of SOC because of de¬ 
creasing in C inputs and outputs. The removal of annual crop 
biomass through harvest reduces the quantity of C inputs to soil 
compared to perennial native vegetation (Imhoff et al. 2004). 
The physical disturbance of tillage increases SOC decomposition 


rate, which occur both by measuring soil respiration immediately 
after tillage and by comparing of soil C levels in agricultural 
fields with or without tillage (Collins et al 2000). Tillage and the 
lack of plant cover on agricultural fields enable soil erosion to 
occur by water and wind. N loss from arable land are took place 
via increasing decomposition rates from tillage, erosion, gaseous 
losses from microbial processes, and decreasing plant inputs due 
to crop removal (Mclaunchlan 2006). 


Table 1 . Means (±SE) of organic C (%) and total N (%), C: N ratio, soil moisture (%), pH, extractable NH 4 -N and N03-N (mg kg soil" 1 ). 


Soil properties 

sampling date 

Beech 

Pine 

Ash 

Agriculture 

%c 

August 

5.54(±0.48) b 

2.89(40.15)' 

6.79(40.19)“ 

3.14(40.36)' 

September 

5.45(40.91) a 

3.01(40.18) b 

6.14(40.34)“ 

2.92(40.12) b 


August 

0.57(±0.07) a 

0.27(40.03) b 

0.69(40.04) “ 

0.28(40.01) b 

% N , 


September 

0.57(40.11) 

0.32(40.05) “ 

0.85(40.15)“ 

0.3(40.02) “ 


August 

10.14(40.87) NS 

11.08(40.97) NS 

9.98(40.38) NS 

10.36(41.64) NS 

C:N ratio 


September 

9.95(40.87) 

10.02(40.86) 

7.86(40.75) b 

10.35(40.86) 


August 

21.20(41.78) a 

13.13(40.86) b 

15.90(40.72) b 

12. 66(40.77) b 

Moisture 


September 

22.98(41.9)“ 

13.99(40.9) “ 

16.62(40.75) ° 

13.43(40.8) ° 

pH 

August 

6.62(40.08) b 

6.87(40.08) ab 

7.34(40.06) “ 

7.18(40.05)“ 

September 

6.54(40.06) b 

6.95(40.1) ab 

7.4(40.08) “ 

7.23(40.06) “ 


August 

60.68(415.03)“ 

41.78(4.71) ab 

30.12(43.61) ab 

21.77(46.18) b 

NHi-N 


September 

22(43.53) be 

24.19(43.58) be 

45.4(412.7) ab 

16.23(41.25)0 


August 

24.47(44.71 ) NS 

22.73(42.71) NS 

28.68(42.01) NS 

28.73(42.77) Ns 

No-rN 


September 

17.43(44.35) ' 

17.72(43.43) N;> 

21.09(43.17) b 

22.49(43.17) 


The different letters indicate significant differences among the sites for each sampling date at the level of p< 0.05. 
NS non-significant 


C/N ratio showed no significant difference between different 
sites for both sampling date, but highest C/N ratio (11.08, 10.02) 
was found in pine plantation and its lowest ratio were observed 
in ash plantation (9.98, 7.86) in both sampling date. 

The forest floor and upper mineral soil layer in coniferous 
stand showed higher C/N ratio, lower nutrient content and slower 
litter decomposition rate compare to broadleaves (Legare et al. 
2001; Augusto et al. 2003; Barbier et al. 2008). The lower C/N 
ratios under Ash canopy may reflect differences in N (higher 
annual input of N in Ash litter) and/or faster rates of litter decay. 
Due to the rapid turnover of ash litter, nitrogen will become less 
sequestrated in the forest floor and can be incorporated faster in 
the mineral soil (Norden 1994b). 

Soil moisture were significantly (p<0.05) higher in Beech 
stand (21.20%, 22.98%) than in the other sites for both sampling 
date. Adding of organic matter to soil may lead to increase quan¬ 
tity of SOC in the upper mineral soil layer and consequently soil 
moisture (Mclauchlan, 2006). 

Ash plantation showed significantly greater pH compared with 
beech stand and arable land for both sampling date. The lower 
pH in beech forest compared to other land uses can be explained 
by slower litter decomposition of this species, which leads to the 
production of organic acids and also delays the return of base 
cations to the soil (Hagen-Thom 2004). 


Inorganic N 

A significant difference in ammonium-N concentration was 
found between beech stand (60.68 mg/kg) and arable land (21.77 
mg/kg) in August and between ash plantation (45.4 mg/kg) and 
arable land (16.23 mg/kg) in September, while no significant 
difference was found in NO 3 -N concentration among different 
sites (Tablei). The higher ammonium concentrations may be 
related to higher rates of N mineralization occurring in soil of 
different land use type (Garten 1993). Increase in N mineraliza¬ 
tion rates and microbial activity have been reported as an effect 
of transient increase in temperature, water content, pH, and labile 
sources of C and N for microbes (Rutigliano et al. 2007). Those 
favorable conditions have been occurred in Ash plantation sig¬ 
nificantly. Nitrate concentration tended to be higher in arable 
land on both sampling date than in the beech stand and pine plan¬ 
tation (Table.l). In arable soil, heavy nitrogen fertilization can be 
a major source of excessive nitrate because the crops usually take 
up only a portion of applied nitrogen. Increasing in nitrate con¬ 
centration following fertilizer application may lead to decline or 
inhibit microbial ammonium production (Brady and Weil 2008). 
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Net N mineralization 


Net N mineralization, net nitrification and net ammonification 
rates showed no significant difference between studied sites. 
These indexes indicated a negative rate in the most studied sites 
with the exception for ash plantation in net N mineralization and 
net ammonification rates (Fig. 2). 



Fig. 2 Net N mineralization, ammonification and nitrification rates 
in the top mineral soil (5 cm) layer. Error Bars represent standard 
error.BS—Beech stand, PP—Pine plantation, AP—Ash plantation, 
AL—agriculture land. 

The differences in ammonification and N-mineralization rates 
are attributed to site variations in soil organic matter, temperature 
and soil water availability (Singh 2007). These differences were 
related to difference in vegetation cover and soil characteristics 
(Owen et al. 2003). Plant species can influence nitrogen dynam¬ 
ics and alter the patterns of mineral N (Knops et al. 2002). High 
N content, low C/N ratio, relatively high pH and high moisture 
of mineral soil (Table.l) as well as fast litter decomposition rate 
may cause high level of Net N mineralization in Ash plantation 
Springer 


(Brady et al., 2008). In pine plantation and beach stand, closed 
canopy may cause unfavorable microclimatic conditions for 
decaying slowly decomposable litter of pine and beech, which 
lead to decrease in mineralization rates (Duran et al. 2009). 


Conclusion 

To our knowledge the present study is the first try to report soil 
net N mineralization in forest lands of Hyrcanian region, Iran. By 
identifying N dynamics, there is an appropriate opportunity to 
compare the soil quality in different land-uses. Results of Buried- 
bag experiment in the present study showed that net N minerali¬ 
zation and ammonification were occurred just in soil of Ash 
plantation during the incubation time. The ability of Ash species 
to improve soil properties (High N, C, moisture and High ammo¬ 
nium concentration) can lead to net N mineralization and am¬ 
monification in this site. According to our findings, N dynamics 
can be influenced by conversion of forest ecosystem. Thus N 
concentration and its various forms can use as the key indexes to 
evaluate the effects of land management on soil quality. 
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